Synthesis and structural characterization of charybdotoxin, a potent peptidyl inhibitor of the high conductance Ca2(+)-activated K+ channel.
Charybdotoxin (ChTX), a potent inhibitor of the high conductance Ca2(+)-activated K+ channel (PK,Ca) is a highly basic peptide isolated from venom of the scorpion Leiurus quinquestriatus hebraeus, whose primary structure has been determined (Gimenez-Gallego, G., Navia, M. A., Reuben, J. P., Katz, G. M., Kaczorowski, G. J., and Garcia, M. L. (1988) Proc. Natl. Acad. Sci. U. S. A. 85, 3329-3333). The synthesis of this peptide using continuous flow solid phase fluorenylmethyloxycarbonyl-pentafluorophenyl ester methodology has now been achieved. The 1-37-amino acid hexasulfhydryl peptide oxidizes readily to give the tricyclic disulfide structure in good yield. This folded synthetic material is identical to native toxin based on three criteria: co-migration with ChTX on reversed phase high performance liquid chromatography (HPLC); competitive inhibition of 125I-labeled monoiodotyrosine charybdotoxin binding to bovine aortic sarcolemmal membrane vesicles with a Ki (10 pM) identical to that of native toxin; blockade of PK,Ca activity in excised outside-out patches from bovine aortic smooth muscle with the potency and inhibitory properties characteristic of ChTX (i.e. appearance of silent periods interdispersed with normal bursts of channel activity in single channel recordings). Selective enzymatic digestion of native or synthetic ChTX by simultaneous exposure to chymotrypsin and trypsin yields identical reversed phase HPLC profiles. Analysis of the sequence and amino acid composition of the resulting fragments defines a disulfide bond arrangement (Cys7-Cys28, Cys13-Cys33, Cys17-Cys35) which differs from that previously suggested. This configuration predicts a highly folded tertiary structure for ChTX which, together with observations from electrophysiological and binding experiments, suggests a possible mechanism by which ChTX interacts with PK,Ca to block channel function.